The relative proportions of chemical classes (hydrocarbons, oxides, alcohols/ethers, aldehydes/ketones, acids/esters/lactones) in the essential oil of lavender (Lavendula angustifolia Mill., family Lamiaceae) and bitter fennel (Foeniculum vulgare Mill. subsp. vulgare var. vulgare (Mill.) Thellung, family Apiaceae) and in the volatile fraction of infusion extracts were examined and showed remarkable differences.
Many herbs with potential beneficial effects that are attributed to the volatile constituents are used as teas, as is true for lavender and fennel. The traditional internal use of Lavendula angustifolia Mill., syn. L. officinalis Chaix (Lamiaceae) blossoms as a herbal tea in the treatment of sleep and neuritic disorders, and of meteorism was approved by the former German Commision E [1] . Further therapeutic indications include irritable bowel disease and nervous gastointestinal disorders [2] , and for the infusion, a diuretic action was reported [3] . The anti-infective properties of lavender essential oil have been reviewed [4] , and recently, antioxidant and antibacterial activity on rhinitis related bacteria has been documented [5] . The most characteristic constituents of lavender blossoms are essential oil, tannins, phenol carboxylic acids and flavones. The essential oil composition of lavender has been subject to various previous studies [6] [7] [8] . According to these data the following compounds are found as the main constituents of L. angustifolia essential oil (LEO), considering the fact that compounds vary in chemotype and origin [9] : linalool, linalyl acetate, cis-β-ocimene, terpinen-4-ol, caryophyllene, lavandulyl acetate and 1,8 cineole. In traditional medicine, fruits of Foeniculum vulgare Mill. (Apiaceae) are used as an herbal infusion in dyspeptic complaints, which was also recommended by the former German Commision E [10] . Fennel tea is also used in the treatment of upper respiratory tract disorders. Essential oil, fatty oil, proteins, carbohydrates, flavonoids, phenol carboxylic acids and coumarins are the main constituents of the fruits [11, 12] . Two varieties of F.vulgare are described in the European Pharmacopoeia: F. vulgare Miller subsp. vulgare var. vulgare (Miller) Thellung "Bitter Fennel" and F. vulgare Miller subsp. vulgare. var. dulce (Miller) Thellung "Sweet Fennel" [13] . The bitter variety is mainly marketed in pharmacies and used for medicinal purposes, and so was employed for our investigation. The main compounds of F. vulgaris ("Bitter Fennel") essential oil (FEO) have been reported as trans-anethol, fenchone, estragole, α-pinene and limonene [10] . The percentage composition varies with chemotype and origin.
Infusions of these herbal drugs are widely used in folk medicine, as well as for food purposes, however their aromatic composition has only been insufficiently investigated except for a study of sweet fennel preparations [14, 15] . Generally, investigations of the volatile fraction of herbal teas are scarce in the literature. Therefore, the aim of this study was to analyse the essential oil from lavender and fennel infusion extracts isolated by two different methods, hydrodistillation (LIH and FIH) and SPE (LIS and FIS), and to determine the qualitative and semiquantitative composition of the volatile compounds of infusions and the corresponding genuine lavender essential oil (LEO) and bitter fennel essential oil (FEO), respectively. The compositions of the essential oil of L. angustifolia and of F. vulgare and that of the volatile fractions of their infusions were compared.
The qualitative and semiquantitative results of LEO and FEO, which were in conformity with data from the literature, are presented in Tables 1 and 2 . Additionally, the major compounds in LEO and LIH were quantified using the internal standard method.
Lavandula angustifolia:
The essential oil yield was 5.1 ± 0.10% (v/w; n=5) and its composition was established for 96.4% of its total peak area from the GC-MS total ion chromatograms. Seventy-one compounds were identified ( Table 1 ). The main constituents of the essential oil (LEO) were linalool, 1,8 cineole, linalyl acetate and α-terpineol. Other constituents were present in amounts of less than 3%. The quantity of volatiles isolated by hydrodistillation of the infusion (LIH) was just 0.71 ± 0.08% (v/w, n=5) (calculated corresponding to plant material), which was equivalent to 7.13 µL oil per 100 mL infusion (i.e. approx. 6.3 mg/100 mL). Of the genuine essential oil, 13.9% was extracted by infusion of lavender blossoms. The aromatic composition of the infusion extracts was established for 98.5% (LIH) and 88.4% (LIS). The number of unidentified compounds was significantly higher in the fraction isolated by SPE (LIS), which obviously resulted in reduced proportional shares of the volatiles in LIS, which were identified also in LEO and LIH. Linalool and 1,8-cineol were present in the highest proportions in LIH and LIS. Aside from the expected reduced amounts of monoterpene hydrocarbons and increased levels of oxygen containing compounds in LIH and LIS, a significant decrease was recognized for linalyl acetate in LIH (0.94%) and LIS (0.20%) compared with LEO (13.92%). Generally, a decrease of esters in the infusions in comparison with the genuine essential oil was observed, which could be caused either by their increased lipophilicy (e.g. linalyl acetate, logP 3.834, compared with linalool, logP 3.281, [16] ) or hydrolysis of labile esters during preparation of the infusion. Extraction of lipophilic compounds by SPE (LIS) afforded increased levels of eugenol, 3,7-dimethyl-1,5,7-octatrien-3-ol and linalool oxides. Coumarins could only be detected in LIS, but not in LIH and LEO. Quantification of the major compounds confirmed the low amounts in the infusion (1.6 ± 0.13 mg 1,8-cineole and 2.3 ± 0.19 mg linalool per 100 mL infusion, respectively). 1,8-Cineole and linalool could be found in quantities of 154.9 ± 9.9 and 234.0 ± 19.8 mg/mL in LEO, as well as 222.8 ± 17.9 and 321.0 ± 27.2 mg/mL in LIH.
Foeniculum vulgare: Hydrodistillation of the fruits yielded 12.5 ± 0.50% (v/w; n=5) essential oil (FEO), whereas only 1.8 ± 0.04% (v/w; n=5) was obtained by hydrodistillation of the infusion (FIH). A proportion (14.5 %) of the genuine oil was extracted by infusion, which corresponded to 36.3 µL oil per 100 mL infusion (i.e. 35.1 mg/100 mL). In a previous investigation of herbal teas prepared from sweet fennel by Bilia et al. [14] , comparable extraction rates by infusion could be reached, whereas in an earlier study 10% of the genuine oil could be recovered from an infusion [17] . Sixteen compounds were identified in FEO and all of them could be detected in FIH. In FIS, monoterpene hydrocarbons like sabinene, β-pinene and limonene were not detectable ( Table 2 ). Major constituents in FEO were trans-anethole and fenchone, whereas estragole, α-pinene and limonene were present in amounts of less than 3%. Similar to the observations with lavender infusion, a decrease in the proportion of monoterpene hydrocarbons, most probably due to their higher lipophilicy and higher volatility, was recognized. A similar loss of monoterpenes was observed in our study of rosemary infusion [18] . In all essential oil Volatile compounds of lavender and fennel teas Natural Product Communications Vol. 5 (9) 2010 1433 [16] ). In FIH, an estragole content of 2.47% could be found, which corresponds approximately to 0.87 mg/100 mL infusion (based on peak area % method without taking response factors into account). Estragole metabolites in urine and plasma could be found after consumption of fennel tea in a recent study by Zeller et al. [19] . Zeller & Rychlik found 60 mg/L trans-anethole and 28 mg/L fenchone in fennel tea (ratio 2.14:1), whereas in the corresponding essential oil from the fruits the ratio of these compounds was 3.54:1 [20] . This is in agreement with the shift of the ratio of these major compounds that we found in our investigations calculated by the peak area percentage method (FEO 3.71:1; FIH 1.56:1; FIS 1.39:1).
As a conclusion, aside from low extraction rates of volatile compounds by infusion, considerable proportional changes of compound classes have to be taken into consideration when evaluating the possible therapeutic properties of herbal teas prepared from essential oil bearing plants.
Experimental
Plant material: Commercial samples of Lavandula angustifolia Mill. blossoms and Foeniculum vulgare subsp. vulgare var. vulgare (Miller) fruits were obtained from Mag. Kottas, Vienna (Austria). The material complied with the monographs of the European Pharmacopoeia [13, 21] . Voucher specimens are kept at the Department of Pharmacognosy, Institute of Pharmaceutical Sciences, University of Graz.
Chemicals: All reagents and solvents used were of either analytical or HPLC grade. Solvents and materials were purchased from the following suppliers: n-hexane (Fluka, Switzerland), methanol (Merck, Germany), methylene chloride (Roth, Germany), sodium sulfate (Roth, Germany). Authentic standards for GC/MS Gas chromatography -mass spectrometry: The composition of the essential oil and of the volatile compounds of the infusion extracts was determined by GC-MS. Each sample was analyzed three times. Analyses were performed using an Agilent 7890A GC system coupled with an Agilent 5975C MSD operating at 70 eV, ion source temperature 230°C, interface temperature 280°C. A split injection (split ratio, 80:1) at 240°C injector temperature was utilized. Injection volumes were 1µL. A fused silica capillary column [5% phenyl-95%methylpolysiloxane (HP-5MS 30m x 250µm x 0,25µm, Agilent J & W, USA)] was used. The temperature program was as follows: 2 min at 45°C, then to 250°C at 4°C/min, finally held at 250°C for 2 min. The carrier gas was helium 5.6 at a flow rate of 0.9 mL/min. Data acquisition was performed with Agilent GC/MSD ChemStation Version E.02.00 for the mass scan range 40-300u.
Compounds were identified by retention indices [22] and by comparing their mass spectra with that of data libraries [22, 23] and a laboratory own data base. Furthermore, for some compounds, pure standard substances were available.
Essential oil hydrodistillation:
Hydrodistillation procedures were those given in the European Pharmacopoeia [13, 21] . Lavender blossoms (20 g ) and roughly crushed fennel fruits (10 g) were hydrodistilled for 2 h. The lavender infusion (3000 mL) and the fennel infusion (1500 mL) was also hydrodistilled for 2 h immediately after preperation to avoid loss of volatiles. Five separate analyses were performed of each experiment. The essential oil samples were dried over anhydrous Na 2 SO 4 and stored in dark glass bottles at -20°C until analysis. The oil samples were diluted with n-hexane (1:30) before GC-MS analysis.
Preparation of infusions:
Infusions were prepared using literature procedures [1, 10] . Boiling distilled water (3000 mL) was poured onto lavender blossoms (30 g), and the infusion was left to brew for 10 min. For the fennel infusion 1500 mL boiling distilled water was poured onto 30 g of roughly crushed fruits and the infusion was left to brew, covered with a lid for 15 min. All infusions were filtered and rinsed 3 times with distilled water and brought to the final volume of exactly 3000 mL and 1500 mL, respectively. These high amounts of infusions were necessary to determine the quantitative essential oil content with the Clevenger apparatus. The same tea preparation procedure with 150 mL boiling water and 1.5 g lavender blossoms and with 3.0 g roughly crushed fennel fruits was used before SPE extraction. Each experiment was performed from three to fivefold.
Solid phase extraction (SPE) of the infusion: A C18 (EC) solid phase extraction cartridge (1g) was conditioned twice with 8 mL methylene chloride and twice with 8 mL methanol. Thereafter, 8 mL of distilled water was passed through the cartridge twice and not allowed to dry before the filtered infusion was applied. The infusion (150 mL) was loaded onto the cartridge with a flow of 1-2 mL/min. The cartridge was dried for 15 min under slight vacuum. The compounds retained on the SPE column were eluted with 5 mL of methylene chloride. Five separate determinations were performed. These samples were stored in glass bottles at -20°C until they were used for GC/MS analysis [24] .
Semiquantitative analysis: LEO, FEO and the volatile fraction from the infusion obtained by hydrodistillation and SPE were quantified by the peak area percentage method, without considering calibration factors.
Quantitative analysis: Quantification using the internal standard method was used for the major compounds of LEO and LIH (3 samples each, duplicate injection). Standard solutions were prepared containing 100 -1000 ng/µL 1,8 cineole, linalool and 200 ng/µL of the internal standard, tricyclene, a substance that was absent from the samples and the peak of which did not interfere with other substances in the chromatograms. Within this range of concentrations, the detector response was linear (correlation coefficients 0.9953 -0.9989). The quantity of each major constituent was calculated by using the following formula:
where m i is the total amount of substance i in the sample (ng), amount Istd the amount of internal standard which was added to the sample (ng), area i the peak area of the substance i , rf i the response factor obtained from the slope of the calibration curve (rf i 1,8-cineole 1.009; linalool 1.042) and area Istd the peak area of the internal standard [25] .
Abbreviations: LEO: lavender essential oil; LIH: volatile fraction of lavender infusion obtained by hydrodistillation; LIS: volatile fraction of lavender infusion isolated by SPE; FEO: bitter fennel essential oil; FIH: volatile fraction of bitter fennel infusion obtained by hydrodistillation; FIS: volatile fraction of bitter fennel infusion isolated by SPE; SPE: solid phase extraction.
